have suggested the use of M. marinum as a possible experimental model of M. leprae (largely because of its reduced temperature optimum). When M. marinum is injected into a normal mouse footpad, it multiplies extensively within the pad and in the draining popliteal lymph node (10). However, the rapidly developing systemic immune response and the severe local inflammation it causes limit the value of M. marinum as a model of M. leprae infection in mice. T-cell depletion largely ablates the immune response (11, 13) but has little or no effect on the local inflammatory response. 
The inability to culture Mycobacterium leprae in the laboratory remains a severely limiting factor in experimental leprosy research. Although the mouse footpad culture method (28) represents a major technical breakthrough, its use poses a number of formidable technical problems, not the least of which is the prolonged incubation period required to obtain maximum yields of M. leprae (27) . Growth of this organism in the footpads of normal mice is limited once the bacterial population reaches about 106 M. leprae, due to an emerging cellular defense (26) . Prior T-cell depletion of the host can increase footpad yields by as much as 100-fold, but this manipulation will not increase the growth rate of the organisms in vivo (25) . Some of the immunosuppressed animals develop systemic disease (13) , and the resulting infection resembles the natural human disease somewhat more than does the infection observed in normal mice (26) . However, the increased fragility of the severely immunosuppressed host adds technical problems to the method, and the relatively limited life span of many of these mice tends to reduce further the usefulness of this animal model. Thus, a search for a more amenable experimental model of human leprosy, preferably with a readily cultivable Mycobacterium strain, seems worthwhile.
Shepard and Habas (29) and later Ng et al. (23) have suggested the use of M. marinum as a possible experimental model of M. leprae (largely because of its reduced temperature optimum). When M. marinum is injected into a normal mouse footpad, it multiplies extensively within the pad and in the draining popliteal lymph node (10) . However, the rapidly developing systemic immune response and the severe local inflammation it causes limit the value of M. marinum as a model of M. leprae infection in mice. T-cell depletion largely ablates the immune response (11, 13) but has little or no effect on the local inflammatory response. Because of these experimental shortcomings, M (15) . The cultures were grown in MSTA synthetic liquid medium (12) in stirred culture for 7 to 10 days. M. marinum was incubated at 32°C and all other cultures were grown at 37°C. The fully grown culture was diluted with an equal volume of fresh MSTA and stored in 1-ml ampoules at -70°C (17) . The viability of each suspension was determined by thawing the ampoules at 37°C, briefly homogenizing the suspension to break up the clumps, and plating suitable 10- fold Tween-saline dilutions on Middlebrook 7H10 agar (6, 9) .
Many of the mycobacterial strains used in this study exhibited a characteristic translucent-opaque, colonial variation when plated on oleic acid agar (15) . The thin, translucent colonial variants were found to persist in vivo somewhat better than did the opaque, domed colonies. Injection of a mixture of translucent-and opaque-colony variants into normal mice was associated with a gradual shift to a predominantly translucent-colony form in splenic homogenate cultures. For this reason, a translucent-colony variant was isolated on oleic acid agar and used in the present studies. The translucent colony form remained dominant when plated continuously on oleic acid agar but reverted to a mixed-colony culture after several subcultures in 7H9 broth.
Bacterial enumeration in vivo. Groups of five randomly selected mice were killed by cervical dislocation, selected organs were removed aseptically and homogenized separately in cold Tween-saline, and suitable dilutions were plated onto 7H10 agar (9, 10) . The plates were incubated in sealed plastic bags at 37°C for 2 to 4 weeks before counting, except for the M. marinum plates, which were incubated at 32°C. Counting errors were similar to those reported in earlier studies and were generally less than 20% of the mean (9, 11, 12) . RESULTS M. marinum infection in ICR mice. Fifty normal mice were infected intravenously with 2 x 105 viable M. marinum each. The resulting growth curves are shown in Fig. 1 . Over 90% of the inoculum was recovered from the livers, 5 to 10% was recovered from the spleens, and only about 0.05% was recovered from the lungs after 60 min. There was little or no growth by these organisms in any of the three test organs and, by day 4, the number of viable organisms in the tissues began to decline, reaching less than 100 bacilli (the lower limit of accurate recovery) by day 60. Counts carried out on homogenates of the hind footpads were negative at 24 h, but, by day 14, recoveries of up to 104 viable M. marinum were routinely observed ( Fig. 1 ). This increasing recovery of viable bacilli from the footpads coincided with the period when the liver and spleen counts showed a 90% decline in viability. Much of this decline was thought to be due to an evolving cellular immunity (10) , but the appearance of increasing numbers of bacilli, together with skin lesions on the tails as the infection progressed, suggested that some of the observed decline may have represented redistribution of the bacilli to the cooler, more superficial areas of the body. Thus, although the intravenous inoculum was unable to persist within the livers and spleens for long, up to 103 viable M. marinum were detected in the footpads of the mice as much as 180 days after inoculation. The reason for this peripheral persistence in the face of an apparently effective systemic immunity (10) was not immediately apparent.
In an attempt to throw further light on this matter, a second group of mice was infected in the right hind footpads with approximately 106 viable M. marinum. The footpad counts also declined steadily for about 30 days but then stabilized at about 103 viable bacilli per pad and remained at this level virtually indefinitely ( Fig. 1 ). The right (draining) popliteal lymph nodes were initially sterile, but by day 7 more than 2,000 viable mycobacteria were recovered from those nodes, before these counts also declined to undetectable levels. After an initial bacteria-free period, the contralateral (uninjected) footpads developed counts of 500 to 1,000 viable bacilli, and these counts persisted largely unchanged for another 100 days. Whether the latter represented growth per se or merely distribution of the bacilli from the primary footpad inoculation site could not be determined. Viable M. marinum were not recovered from homogenates of the lungs, livers, or spleens of these mice at any time during the study.
Fifty B6D2 mice were infected via the right hind footpads with 103 M. marinum. Over the next 10-day period, there was a 100-fold increase in viable bacilli recovered from the footpad homogenates; organisms also appeared in the draining lymph nodes after 10 days, but no bacilli could be detected in the lungs, livers, or spleens. When these mice were depleted of Tcells before the challenge, the bacilli multiplied extensively within the footpads, providing an extended plateau of about 106 bacilli per footpad. There was no visible decline in bacterial viability with time, and the infection also spread to the spleens (and to the livers and lungs, not shown in Fig. 2 ).
M. siniae infection in normal mice. An attempt was made to determine whether other photochromogens behaved similarly to M. marinum in mouse footpads. Mice were infected intravenously or subcutaneously (footpad) with about 106 viable M. kansasii, M. habana, or M. simiae. M. kansasii proved to be relatively mouse virulent (1, 3) and was not studied extensively in the present study. M. simiae and M. habana had virtually identical growth curves in normal mice, a finding consistent with the contention of Meissner and Schroder (22) that these two organisms are identical. Groups of 100 ICR mice were infected intravenously with about 105 viable M. simiae, and the distribution and behavior of the organism in vivo were determined over an extended time period (Fig. 3) . Approximately 80% of the inoculum lodged in the livers, 20% lodged in the spleens, and less than 0.05% lodged in the lungs. Viable M. simiae could not be recovered from the footpads or from tail skin at any time during the study. The was not possible to determine this parameter of the host-parasite interaction accurately (see Table 1 ). This lack of mouse virulence was consistent with the growth curves shown in Fig. 3 . The absence of an accelerating anti-mycobacterial response suggests that the organism had little stimulatory effect on normal host defenses.
A second group of 100 mice was injected, into the right hind footpads, with approximately 106 viable M. simiae. Recoveries from the pad homogenates over the first 30 days represented 100% of the initial inoculum (Fig. 3) (15) showed substantial in vivo growth (Fig. 4) . After 2 months, the growth curves plateaued, and the infection slowly progressed, leading to some mortality after 12 to 15 months, mostly as a result of a slowly progressive kidney infection (3, 15) . The absence of any decline in the growth curves with time ( Fig. 4) again suggests an inability on the part of the host cellular defenses to respond effectively to the antigens of this parasite. The footpad-inoculated mice exhibited growth curves compatible with this idea (Fig. 4) vaccae, and M. nonchromogenicum (24) which have led to suggestions that these rapid growers may be useful vaccine strains (30) . However, to be immunogenic the mycobacteria must be able to survive in vivo for a significant time period (5, 6) . With this in mind, the growth of both of these rapid growers was studied in intravenously and footpad-inoculated mice. Translucent-colony variants of M. vaccae and M. nonchromogenicum were selected and grown once in MSTA medium for 7 days at 370C. Groups of mice were infected with about 106 viable M. vaccae or M. nonchromogenicum by using the intravenous or footpad routes. The M. vaccae inocula declined in viability immediately after inoculation, regardless of the route used (Fig. 6) . The lungs, livers, and spleens of intravenously infected mice were free from detectable bacilli within 40 days. In footpad-inoculated mice, the slope of the footpad growth curve underwent a change after about day 7, when the rate of decline became somewhat slower. The M. nonchromogenicum growth curves were much the same. The relative rates of decline by the various footpad inocula (Fig. 7) show that the M. nonchromogenicum counts declined at a slightly slower rate than M. vaccae, although it is unlikely that this difference was sufficient to be biologically significant. From these curves, it can be seen that M. simiae persisted within the footpads much longer than any of the other test bacterial species. (Table 1) . M. marinum and M. simiae both failed to kill even the heavily infected mice, whereas M. avium brought about the death of some mice after 15 to 18 months, with substantial numbers of bacilli being present in the livers and spleens (but not the lungs) even after 18 months. The mouse-virulent strain (D673) of M. remains unclear, but this variation re-emphasizes the need for great care when selecting substrains of organism for this kind of study (3) . None of the rapid growers (group IV, Table 1 ) persisted in vivo for more than 6 to 8 weeks, a survival pattern similar to that seen when these organisms were inoculated into the footpads ( Table 2) .
Histology of M. simiae-infected mouse footpads and spleens. A group of mice was infected with 108 M. simiae, and animals were sacrificed at intervals. Scattered acid-fast bacilli were observed in the footpads and spleens of these mice even after 100 days of incubation. The most striking characteristic of the tissue response was the lack of inflammatory or mononuclear cells within these infected tissues, even though more than 105 viable M. simiae were known to be present in the liver and spleen at that time. Most of the acid-fast bacilli seen in the footpads were solidly stained, suggesting that they were fully viable. There was no sign of a cellular response in the footpads or the draining lymph nodes in the subcutaneously infected mice, although the controls infected with M. tuberculosis H37Rv or with BCG showed extensive tissue granulomata. (14) .
Although the antigenic relationships existing between M. vaccae, M. nonchromogenicum and M. leprae (30) suggest that these rapid growers can act as effective vaccines in the prevention of human leprosy, their clinical use is in doubt due to the inability of M. vaccae or M. nonchromogenicum to survive in vivo ( Fig. 6 and 7) . Although the translucent-colony variant ofM. vaccae is eliminated somewhat more slowly than the opaque-colony form, as shown when the rates of elimination of both forms from the footpads are compared with the corresponding curves for the mouse-avirulent, streptomycin-resistant strain of BCG SMR (Fig. 7) , it seems unlikely that M. vaccae will prove to be effective as an immunogen (6, 9) . Suspension of the M. vaccae in Freund adjuvant may increase the immunogenicity of this organism significantly (8) , but at present this reagent is too toxic for human use (5) . Thus, it seems unlikely that even live M. vaccae will prove to be an effective antileprosy agent, although the use of mixed living BCG-M. vaccae suspensions such as those developed by Mackaness et al. (21) clearly deserves further investigation in this regard.
